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SECTION I
INTRODUCTION

Finite element method is now well established as one of the foremost
numerical techniques for analyzing linear elastic crack problems,
Among other advantages associated with the use of finite element method

is the fact that complicated geometries and physical loading situations

can be quite accurately modeled. Therefore, the method is useful in
analyzing standard as well as nonstandard crack growth and fracture

specimens which may be used in the laboratory. j

A disadvantage of the method is that with even a slight change in the

geometry of a given specimen, such as the crack length, a new finite

element mesh is required. Since finite element mesh generation is

usually a time consuming process, parametric studies involving any change

in geometry are tedious. Using general purpose large finite element
computer codes, such as NASTRAN or MARC, for such problems is an inefficient
and expensive process. However, if special purpose finite element codes
developed primarily for parametric studies of test specimens are used,

the method can be employed economically and with improved efficiency.

The present report provides a user's guide for a special purpose finite
element code developed primarily for two dimensional linear elastic

analysis of test specimens. User's guides for some supporting computer

programs, such as mesh generators for commonly used test specimens and
for plotting a mesh, are also included. Precise instructions and a number

of illustrative examples are provided to clarify the data preparation for

S RSP .

executing the program.

It is expected that a user with only a basic knowledge of theory of elasticity
and some acquaintance with FORTRAN language should be able to effectively

employ the procedures included in this report.
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SECTION II
PROGRAM HIGHLIGHTS

1. ASSUMPTIONS

1) Material is a homogeneous, isotropic, and linearly elastic solid.
2) Conditions of plane stress or plane strain exist,
3) Compared to the dimensions of the solid, displacements are small, and

assumptions of linear theory of elasticity are valid.
2. METHOD OF SOLUTION

The numerical technique used by the program is based on displacement finite

element formulation.
3. ELEMENT GEOMETRY

The element used in the present program is an eight node isoparametric
quadrilateral1 shown in Fig. 1, Some special and degenerate forms of

this element are shown in Fig. 2. Element nodes are always numbered
anticlockwise starting at any corner node. The four corner nodes are
number (I), (I + 1), (I + 2), and (I + 3). The first intermediate node

(I + 4) is always between corner nodes (I) and (I + 1). Other intermediate

nodes are then numbered antié¢lockwise also.
4. MESH GENERATION

Mesh generation can be best explained by considering a simple example:
consider the cantilever beam shown in Fig, 3. For simplicity let us decide

to use only three elements. Fig. 4 shows some possiblediscretizations.

The mesh of Fig. 4a is most appropriate of all the other meshes shown. As

a rule of thumb if the geometry of the problem so allows, curved, irregular

and degenerate shapes should be avoided.
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The node numbering should be such that the difference between any two node
numbers belonging to the same element is kept as smal®6 as possible, This
difference in Fig. 4a is 7 (=8 - 1). The above practice helps in reducing
computational time,

Elements may be numbered in any arbitrary way. However it is a good practice
to be systematic as in Fig. 4a. Size of each element, and the total number
of elements in the mesh are decided depending upon the nature of a given
problem. In general a finer mesh would provide more accurate results than a

coarser mesh.

Mesh generation can be accomplished either by actually drawing the elements
on a graph paper or by writing a mesh generation program, Usage of mesh
generation programs for some specimen geometries is described in Appendix I.
5. TOPOLOGY

Complete topology of the mesh is described by individual element connectiv-
ities and X and Y coordinates of the nodal points with respect to any

conveniently chosen X, Y coordinate system, as shown in the following

example.

For the mesh shown in Fig. 4a the topology can be described as follows.

a. Nodal Coordinates

NODE X X NODE T X ¥  NODE X Y
1 4.0 0.5 7 3.50 1.0 13 1.50 1.5
2 4.0 1.0 8 3.50 1.5 14 1.25 0.5
3 4.0 1.5 9 2.50 0.5 15 1.25 1.5
4 3.75 0.5 10 2.50 1.5 16 1.00 0.5
5 3.75 1.5 11 1.50 0.5 17 1.00 1.0
6 3.50 0.5 12 1.50 1.0 18 1.00 1.5
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b. Connectivities

Following the numbering convention described in 3, the element comnectivites

are as follows.

mm 1 51 #2 m3 I M5 I 7
1l 1l 3 8 6 2 5 7 4
2 8 13 11 6 10 12 9
3 16 11 13 18 14 12 15 17

Note that I can be chosen to be any corner node.
6. PLOTTING THE MESH

After generating a mesh and punching out the nodal coordinates and connec-
tivities on data cards it is often desirable to check for any topographical
errors. Perhaps the easiest way is to plot the final mesh. Usage of a
mesh plotting computer program developed for this purpose is described in
Appendix II.

7. SPECIFYING NODAL DISPLACEMENT AND FORCE BOUNDARY CONDITION

For simplicity the program (SRLOlA) is designed to accept only zero displace-

ment and non-zero force boundary conditions.

For the beam of Fig. 3 and using the mesh of Fig. 4a, we can specify zero
X and Y displacement components at nodes 1, 2, and 3. Force of negative P
can be specified in Y direction at node 18. The procedure for preparing
boundary condition data is described in Section III.

8. SPECIFYING NON-ZERO STRESS AND PRESSURE ON ELEMENT SIDES

In problems where non-zero stress or pressure is to be specified (such as

in crack problems with crack face pressure distribution), the pressure or




stress distribution over any side of the element is given in polynomial form.
Constant, linear, quadratic, and cubic distributions are permitted. The

method for specifying these distributions is discussed in Section III.

9. ENFORCING CRACK TIP STRESS SINGULARITY

The elastic stress singularity at the crack tip is included by surrounding
the crack tip by elements of the form shown in Fig. 2e. The collapsed
nodes (I + 1), (I + 2),and (I + 5) are placed at the crack tip and the
relative displacements among these nodes are forced to be zero. This is
accomplished either by specifying the X and Y displacements of the above
three nodes to be zero, or simply by assigning a single number to all
three nodes in the nodal numbering of the mesh. Details of this method can

be found in the paper by Barsoum.2 The use of the above procedure is
illustrated in Section 1V,
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SECTION III
DATA PREPARATION

1. USER'S GUIDE FOR SRLOlA

In this section the method for inputting topology, material properties,
and boundary conditions data for the solution of a given problem is
described. Each data set refers to a specific information required

by SRLO1lA for execution.

a. Data Set 1 (sizing card), Format (12I4), Number of cards =1

Columns| Variable Definition
1-4 NPRTYP Problem Type (1 or 2).
5-8 NPOINT Total number of nodes in the mesh.
9~12 | NELEM Total number of elements in the mesh.

13-16 | NBOUN Total number of nodes with displacement boundary

condition.

17-20 | NCONC Total number of nodes with concentrated forces.
21-24 | NFREE Degrees of freedom per node (always give 2).
25-28 | NYM Number of different materials in the same problem.
29-32 | NBAND Expected band width.
33-36 | IR Number of nodes per element (always give 8).
37-40 | NSTRSS Stress computation indicator (0 or 1).

41-44 | NCPOIN Total number of corner nodes,
45-48 NQPTS Total number of re-specified nodes.

Instructions

NPRTYP Give 1 for Plane Stress problem.
Give 2 for Plane Strain problem.
NPOINT Count and specify total number of nodes in the mesh (cormer

nodes + intermediate nodes).




NELEM
NBOUN

NCONC

NBAND

NSTRSS

NCPOIN

NQPTS

Count and specify total number of elements in the mesh.
Count and specify total number of nodes which are fixed in either
one or both X and Y directions.
Count and specify total number of nodes which have concentrated
applied forces in either one or both X and Y directions.
In general each element in the mesh can be allowed to possess
different elastic properties. If so, specify the total number
of materials to be used. For uniform elastic properties for all
elements give NYM equal to 1.
This is a sizing parameter found by the following formula.
NBAND = (Max. difference between any two nodes of an element
+ 1) x 2,
For crack problems where stress intensity factors are of interest
give NSTRSS = 0. For other problems where element stress and
strain components are required give NSTRSS = 1.
Total number of corner nodes (NPOINT - number of intermediate nodes)
in the mesh.
If NQPTS is given zero, the intermediate nodes are automatically
placed at the middle of straight line distance between the adjoining
corner nodes. For problems in which this arrangement needs to be
altered, such as in crack problems using the element of Fig. 2e,
the number of those intermediate nodes which have to be moved

from the mid-position should be counted and specified as NQPTS.

b. Data Set 2 (Elastic Property Cards), Format (2F20.5), Number of

*
Cards = NYM

Columns Variable Definition
1-20 El Young's Modulus
21-40 Pl Poisson's Ratio

*
See a. Section III.

il
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' *
E S c. Data Set 3 (Boundary Conditions), Format (414), Number of Cards = NBOUN

% Columns Variable Definition

E 1-4 NF(1) Node with displacement boundary condition

f 5-8 NB(1,1) Zero X-~displacement indicator

g 9-12 NB(I,2) Zero Y-displacement indicator
Instructions

NF(1)

NB(I,1)
NB(I1,2)

*
See a.

Give the number of a node whose X or Y or both displacements are

fixed.

Give 1 if X-displacement of node NF(I) is fixed. Give 0 1if
X-displacement of node NF(I) is not fixed.
Same as NB(I,1) but for Y-displacement of node NF(I).

Section III.

d. Data Set 4 (Concentrated Loads), Format (I4,2F20-10), Number of

*
Cards = NCONC

*
See a.

Columns Variable Definition
1-4 NP Node number of point with conc. load
5-24 U(NPx2-1) | Value of X-component of applied load
25-44 U(NPx2) Value of Y-component of applied load
Section III.




i e ot s 2 e iR T s moe—— =

e. Data Set 5 (Corner Point Coordinates), Format (I4,2F10°5), Number
*
of Cards = NCPOIN

Columns Variable Definitions |

|

* :

1-4 1 Corner node number* i
5-14 X(1) X-coordinate of I
15-24 Y(I) Y-coordinate of I

*See a. Section III.

*k
For example in Fig. 4a points 1, 3, 6, 8, 11, 13, 16, and 18 are corner
nodes (NCPOIN = 8).

f. Data Set 6 (Element Connectivities), Format (914,F10°5,14), Number
of Cards = NELEM*

Columns Variable Definitions
% 1-4 I First corner node**
; 5-8 I+1 Second corner node
9-12 I+2 Third corner node
13-16 I+3 Fourth corner node
17-20 I+4 First intermediate node
21-24 I+5 Second intermediate node
: 25-28 I+6 Third intermediate node
& 29-32 1+7 Fourth intermediate node
33-36 NEP Material property number
37-46 THICK Element Thickness
47-50 NTYPEL Applied pressure/stress indicator
(0 or 1)




Instructions

i
f

: NEP

If a single material is used (NYM = 1 in Data Set 1), NEP is
1 for all elements.

NTYPEL If any side of an element (see Fig. 1) is subjected to applied

pressure, for that element give NTYPEL as 1.
NTYPEL is given 0.

For other elements

- T Ty T

*
See a. Section III.

*%
Follow the numbering convention of Part 3. (Section II)

g. Data Set 7 (Crack Tip Node), Format (I4), Number of Cards = 1

Columms Variable Definition

1-4 NTIP Node number og a node located at
the crack tip

4 If there is no crack give zero.

é h. Data Set 8 (Coordinate Modification), Format (I4,2F10-:5), Number of
*
ﬁ' Cards = NQPTS
' ' Columns Variable Definition
r
{

1-4 I Node number of the point whose
. coordinates are to be modified
‘ 5-14 X(1) X - coordinate of I |

15-24 Y(I) Y - coordinate of 1

*See a. Section III.
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*
1. Data Set 9 (Pressure Polynomial), Format (I4), Number of Cards = M

Format (8F10:5), Number of Cards = M
Card 1
Columns Variable Definition
1-4 NSIDE Side number of element on which pressure
is applied (See Fig. 1)
Card 2
Columns Variable Definition
*k
1-10 Ay First coefficient of Ty traction polynomial
11-20 Aj Second coefficient of 'I‘.y traction polynomial
21-30 A3 Third coefficient of TY traction polynomial
31-40 A, Fourth coefficient of T, traction polynomial | 1
41-50 B1 First coefficient of Tx traction polynomial ]
51-60 B2 Second coefficient of T, traction polynomial
61-70 B, Third coefficient of T, traction polynomial
71-80 By Fourth coefficient of T, traction polynomial
:
This is an optional data set. Use only if one or more elements have 2
NTYPEL = 1 (See f., Section III). If there are no such elements omit this
data set altogether. )
* f
M is the number of elements with NTYPEL = 1. For each such element there ;
are two -cards. The set of €ard 1 and Card 2 has to be given for each ;
such element. Give M such sets. The order of the sets is the same as the
order of element cards in Data Set 6 which have NTYPEL = 1. 1
2 2 3
Ty = Al + AX + A3X + A4X

Tx = By + B,Y + B3Y2 + B4Y3

(Continued at top of next page)
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’1‘x and Ty are the x- and y- traction components respectively, obtained

by taking the vector dot product between the stress components and the

outward unit normal on the surface.

j. Data Set 10 (K1 Computation Indicator), Format (I4), Number of Cards = 1*

Column

Number

1

*
If NTIP=0 (see g. Section III), this card is omitted.

k. Data Set 11 (KI Computation Point), Format (I4), Number of Cards = 1

*

Columns

Variable

Definition

1-4

NKIC

Nodal point on the crack edge whose
displacement is to be used for K1
calculation. NKIC should be approximately
A/50.0 distance away from NTIP, where A
denotes the crack length

*If NTIP=D)(see g. Section III), this card is omitted.

2. LIMITATIONS

For using the stored version of SRLOlA the following iimitations on the

values of various variables shéuld be observed.

0 < NPOINT ¢ 340*
0 <NELEM < 100
0 <NBOUN < 50
0 < NBAND < 100
0 < NYM < 5

*
For definitions of these variables see a. Section III.




SECTION 1V
SOLUTION PROCEDURE

1. PROGRAM EXECUTION

F The necessary control cards for executing the program with a single data ;
set (one problem) or multiple data sets (many problems) are as follows. !

First Card (Job Card), start at column 1,
AAA,CM300000,T100,IOlOO,STANY. M760328

AAA = Job identification number (eg. user's initials).

T100 = Execution time limit in seconds. This may be changed (eg. 160)
10100 = Input-Output time limit in seconds. This may be changed.
M760328 =Example of user's code. Use appropriate account number.
Note: Put a period, then a blank after STANY.

Second Card (attach card), start at column 1.

ATTACH, LGO, SRLO1A, ID=M760328.

SRLO1A = Program name. For other programs described in appendices the

program name is changed but other ‘parameters remain identical. For
executing SRLOlA finite element program use the above card exactly
the way it is shown.

Note the period after the ID value,

Third Card (load-go card), start at column 1.

LGO,

13




Fourth Card (end-of-record), this card is available at the computer center.

3 CARD SEQUENCE
i The necessary control cards and data cards have to be arranged in the
5 following sequence.

Job card

Attach Card

LGO.
! : As many as number of problems to be solved.
4 .

LGO.

End of record card

Data for first problem }

End of record card }

Data for second problem

End of record card
Data for the last problem
End of job card.

i R e
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SECTION V
NUMERICAL EXAMPLES

The purpose of providing solved numerical examples using the programs
discussed in the present manual is to further clarify the data preparation

and program execution described in previous sections.
1. EXAMPLE 1: SINGLE NOTCH SEMI-CIRCULAR SPECIMEN

In order to explain all the procedural details, let us start with the
problem of a semi-circular ring containing a radial crack shown in Fig. 6.
Due to axial symmetry about the X-axis only one half of the geometry is
needed for analysis (Fig. 6b). To account for the other half, we need to

specify Y-displacement (V) to be zero on the boundary indicated in Fig. 6b.
The purpose is to obtain nodal displacements and stress intensity factors
(K1) for various values of crack length (A), inner radius (Ri), and outer

radius (Ry,). We proceed in the following steps:

a. Step 1l: Mesh Generation

As explained in Section 2, mesh generation can be accomplished either by
hand or by using the computer. Let us use SRLC program of Appendix I

to generate the mesh. The two data cards used were:

Card 1: Blank
Card 2: 0.5 1.0 2.0

The numbers in card 2 represent A, Ry, Ry, respectively.

15
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The output of SRLC in the form of punched deck, and in print, was as

: follows:
: «5u002 i.00000 2000600
! 1 185 52 17 1 2 1 70 8 8 57 5
{ 1000u000uCUOC 3090
105 6 1
; 66 L 1
: 197 0 1
: 108 u 1

149 g i

114 0 1

123 U i

123 U 1

137 0 i

142 0 1

151 u i

1% v 1

15 1] 1

17¢ 0 i

i79 0 1

184 ] 1

135 1 1

13 1.0006G300u0)

i sVl ul 1.40000
3 suuldl 1.1125%¢0
5 sUvidL 1.225%00
7 s U000 1.,500600
9 +LUCI0 177540
11 ebuUlLID 1.88750
13 sidVuy 2.0000C
21 -e 382038 092368
23 e 42574 1,02782
25 =-2boo?9 113175
e? 57613 1.38582
29 =-eb7920b 1.63983
31 -s 72231 1.74382
33 -s 70537 1.847706
41 =-sfU7i1 707118
43 e 70606 o 78LULD
45 e bobdl + 86621
47 -=1,06L36 1.06006
49 =1,24511 1.2%E11
51 =1,334n0 1e 33066
53 =1.41421 1s41421
€l ~e 92308 ¢ 302068
63 ~=1,(274d¢ 2574
65 =1,13175 LY Ye)

0 G
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149
151
157
159
161
103
165
174
73
17>
177
179

P ONT W

- -

=1+38582
=1¢53909
=1.74L382
=1.84776

=+99040
=1+11250
=1.22500
=1.50000
=177500

=1.86750
=1.38vuv
=1, 000600
=1.1125¢
=1e225ul
=1.775ul
“1.8575u
=2e0uuul
=1.3375u
133720
=leduuul
=1l.002%4
'1053290
=1.33375
=1e3337>
ol T TRV
~1e5ub25
’1.69665
=lelo2L YV
b PN 'Y YT
=ls3vivb
14525000
=le25uul
=led8iuv
“lio8Lov
=1s200JC
=1e3206uV
=1s5206uu
“1sbuuv
=1,49293
=1s36lbuu
1430747
=1s31L a0
=lsd0bbb
¢3 21

25 ¢3

27 ¢2»

<9 27

31 2%

33 414

«574L03
« 67926
« 72231
e 76537
«11C00
011000
«11000
«114000
«11060u0

eliliy
021G
Geuuidil
G. 60000
e LOGLLY
UeOGULULD
e 00GUOD
U« 00000
fevdluud
e U90LLI
sUSLUD
e U9uULD
dedubuild
velLull
s 754D
YR I
eU75ui
Bouiui)d
deQUGUI
+USCGU
eUSuliv
« 50060
vel0CuU
Geluuaul
e (32004
02004
e GclUld
Ued0GULWE

CdebllbU

O N e

s 00707
e 0100GY
edl707
UetL L
e dlLOuUU
15 22
1o 24
a7 2o
18 ¢é&
iy 30
206 32

-

AVELS < LA o V]

S N T e

10J030¢
1.Jua~6
1,1C¢d0L)

T deddday

leud00.

140200




23
2%
27
29
31
33
3
45
47
49
21
53
63
05
o7
69
73
81
83
b3
91
85
8%
a7
121
117
117
119
135
131
131
133
149
145
147
145

103

By AT M e

[EAPRRPURPRPOL P SRS ST PP I

159
159
161
177
173
17%
177
179
185
140
i1
182
183
184

171

-]
131
119
121
121
14>
133
13>
135
129
199
147
149
173
dod
103
163
105
185
165
18

-1
Ko
*2
4/
+9
21
a4
03
(-3
Y4
29
71
81
33
-3}
of
o3
J1
1ue
166
1u?
19
115
1i9
1<i
lud
129
153
13>
123
143
147
1L4S
13r¢
127
103
151
151
171
175
177
105
186>
185
185
185

él
<3
re)
a7
<9
31
4d
@3
45
47
w9
1
ol
L3
1]
of
3]
71
1w
1i¢e
165
147
104
dis
119
123
419
131
133
137
123
145
187
151
143
161l
159
165
157
173
175
179
171
173
175
177

=1. 43750
=1eH3823
=1e5U00Y
-1.5u177
=1e542504

3¢
do
3/
3o
39
Lo
55
56
57
59
23
XY
75
7o
77
78
73
80
82
8w
90
w2
111
8t
o8
113
125
118
124
127
139
132
134
141
123
146
140
1%
167
16
162
169
101
182
183
184

Y4
L1
bo
48
5)
52
b2
(721
bb
b8
7
72
82
b4y
8o
88
U
92
9o
96
98
93
11d
1ic¢
113
97
136
126
127
122
144
144
142
135
158
155
1564
150
172
b¥-1.)
169
164
185
185
145
185

bevb OO
e 00277
e 0URSE
eUUL77

Ve du0DO

34
35
3o
37
36
39
2k
25
50
57
58
59
h
7¢
7¢
7

79
J TR
163
1uvo
1ub
110
11b6
120
114
124
132
134
128
138
1406
18
14¢
15¢
162
164
156
L66
174
176
17y
180
181
182
183
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Lesviduu
1. ‘Jab[‘
1+ 39340
1.60000
l1edulue
16443330
deasuvdil
1eudili
leduidus
1,4304)
1.302580
1434200
1640000
1eJ0ulul
Levadli
leulddLO
1.J03d0
1euviula
1evviub
1.400u¢
1.0u600¢
144J303
SR TR ETR]
1.0v800
103308
1,30300
ledvli
1040300
1.3000¢€C
1.,0u003
2eUD0ud
1,000us
dsduidui
1,v3048¢C
1,0u0308
2000332
1.03340
1eduiut
1.00300
1.00008
142300
1,00300
1.,J0000
16303042
1.,000u)
1.00000




The first line in the output gives the crack length and the inner and
outer radii of the specimen. The rest of the computer print-out corresponds

to the data sets described in Section III as follows.

Line 2 Data set 1
Line 3 Data set 2
Lines 4 to 20 Data set 3
Line 21 — Data set &4
Lines 22 to 88 Data set 5
Lines 89 to 140 Data set 6
Line 141 Data set 7
Lines 142 to 146 Data set 8
Line 147 Data set 10
Line 148 Data set 11

Note that data set 9 is missing because no element side is subjected to

applied pressure.

b. Step 2: Mesh Plotting

From the punched data deck of step 1, data sets 5 and 6 (coordinates and
connectivities) were temporarily removed for use in the plotting program
SRL11. 1In accordance with the description provided in Appendix II,

the following data was supplied to SRL1l.

6 185 52

[Nodal coordinates of data set 5 abovel

[Blank card}

[Connectivities of data set 6 abovel

1 20 1 C-SPEC

0.0 2,0 =-2,0 -1.0 3.0 3.0 1.0 1.0
[Blank card]

End-of-record.
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— e » - prm———ry ‘ x

L P

I

it B arm il




By executing SRL11l, the plot shown in Fig. 7 was obtained. 1In Fig. 8
details of the fine mesh near the crack-tip are shown. Fig. 8 was obtained
by supplying SRL11 with only those element connectivities which were to

be plotted and by increasing the scales (XSCALE, YSCALE). The number of
elements (52) in the first data card corresponds to the number of elements

which are to be plotted.

c. Step 3: Executing SRLOlA

Data sets 5 and 6 were placed back in their proper sequence in the punched

data deck of Step 1 after removing the blank card which was inserted
behind data set 5 for plotting purpose. SRLOlA was then executed by
using the following cards.

Job card
ATTACH,LGO,SRLO1A,ID=M760328.
LGO.

End-of-record

[Data deck of Step 1]
End-of-job.

il

The output of SRLO1A was as follows.
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3d="aTneCT L

G0=--360¢€uc®
§F=3TLLTERS®
8l=-=Tcl8€T9"
ai=3%22082¢"°
aN=z92£€€99°
Si=-"2e6472.°
ab-z29E 7682
SuU=39:TInlL "’
Go=2F6hiERL "
SJ)=3518n8N0¢°
al=7392952¢°

Ghiez22509¢8°
GU=7L02%9%46°
Si=zifqH198°
GR=nE8L448"°
§0=-aTELIHIE "
G0~3L2TEQGRE *
GC=32hhet e’
GU=334H6°€L6°
%1=3T8L0CTT "
9N=32262°11°
Tu==98665TT*
%0=-5369T6TF°
n{=3399E9%i1"°*
hi=7392981T°
»(=-"2684cTT"
BC=z027821T "
hi=-7€6L6TFT°
Ni=3TG2€TTV
NL=-Z3IE68TTT*
WO=Z30L8TTT*
7C=276¢9T7TT*

TdSTI0=A

$)=t8892¢TT %=
2«2 ICTTT *-
h(=TEAGELJT =~
HleFuh 224 *-
H1=329065L 07 *~
Co=T56CHHTE '~
C1=%n951¢€29°~
CP=329¢C1/84 %~
ncIJcmm:m;m.a
Gh=T468cE 19 %=
mcoacmmmsnn.u
Gu=T1EnlC( hg *=
Qli=3n462¢ )5 °=
H0=306uec2F -
0=TbT26ETT =
H0=92T2¢01°~
cN=0222¢34*~
YU="421/T8C %=
€l=4¢628599 =
§3=1L0¢€(226°%~
+3-32926€2% °*~
Ha=ALl2 26427 *~
NN=39222(2% *~
hl=ZbJuScTT -
Wl =36862TTT%~-
n1=2y926LJT %~
S(=308shede -
90=3LT2ETT8 -
=348 L0TL -
93=l9%€En{0 *~
G3-3061269sC "~
GN=3s 115953
CO=38eEHHGs*
"e¢S10=X

gilhn°t
6lSHhL" T
2ecniet
II62T
6EE6ENT
GR2T4°T
2049887
62€482°'T
5LTET°T
6264"°T
2RL29°T
ag8¢16"

88€26"

REZR*T
186TQ°T
Ghine*t
- PA A AN
egRLTY
aroLs vt
16136 °

Jipyive
SEENGT
nGlee°T
g52T£9°T
ARGl T
RGLEI°T
19035

Jg29¢°t
10e22°'Y
$769%7°T
nea2rtTet
42951°'1
dNcod’Y

0HOND=A

LEG0 L=
LA ALY
1€22.°~
6LN1 )%=

a2622°-

50929 °-
£rnls

THiea-
54895 %~
L2299 °-
RVETARY
L 2408 ALY
gacge e~
692e€ *~
GT119¢ °*~
£96¢8¢ =
anig2t-
Nhhe2o-
28272°%~
42161 %=
nargaen
fnaenen
ngooncn
aeecegen
cangaco
pnognen
gogenren
groraco
nroeNtd
acong*d
nnnopneo
ogcndcy
neogneg

0u009=Xx

HWANMIHDNDO O

300N
300N
ACON
00N
JAON
300N
300N
300N
00N




90-3JE96£88 °
5C=-26h286¢1°
s0=-33%024222°
SN=JEHT2% 05 °
§0-3U2746¢¢€°
SU=62T4%9¢8°
50-z79.2626¢£°
§N=-39692¢2%°
90=Z949LHhEHT *
90~-3T0T7S£6¢°
80-3%826£21°
S0-2T6%60492"°
80-=)8649¢£6¢ °
§0-328982(06%°
§0-71596218°
90-3649524¢21°
80=-3%2uvglT*
Su-399hCe0T°
S(-FdTTGNT2*
$0-36556€£2°
si=-2195cT0¢ "
al-3969529¢ ¢
§(=3/66192%°
SG=296E£T98%°
§0-21206TF7¢°
90=-3292G6e£s*
§0=-"388HnGec"*
§C-267227645"°
GC=339Tgche *
s0=-3699(69¢ *
SM=5£5498e+"°
40-:66£922¢"°
9r=-35194942¢"*
gl=/.n1860¢"*
SC=500ruT "

90-Jp60882¢ *~
u0=326.%962°~
G0=-gH2€C92°~
GN=A698HTH2°*~
G0=32410082 *~
530=3A/l9586T2 *~
EN=3ybcsyne *~
60=302cLG6T *~
S0=-30T22T1¢ -
S0=39/.90clc -
$0-36TFLELS -
S0=-7272cThh *=
90=2/0dlcSk *~
SU=79694%C7¢ *=
S0=-"276919¢ °~-
C0-3£0CGTLS *~
Ge=30gL89N0°-
S9-3262244/°~
€= T6LTSL *~
E0=1924882L "~
SN=3T2C194 %~
C)=3TeusBoy *=-
50="n94%8€25 -
§0-3ul TuslYy *~
S0=BHEc8hy *=
0= " 16cch *~
G0=-Tgn"cleE *=
£0=769212.8 *~-
90=F,¢28€96°~
$N=3;22092€ '~
€Jd=31T¢bcI8 *~
uN=3G6ochuTe -
$0-3409%6535 *~
Cl=-"9vnsEh *-
9f=3rgflhen *~

§9921°
UL AR
Thi2a*
62990°
122hne
L IE-TA A
T2hihe
8a29¢g
6268.°T
pre2u°T
6TL35"*
GeLT9°
10 )90
QMD.JQ.
phhse
A AL Bt
yhhis ey
ag4hee T
6PN62°T
11552°7
f£Q23T°T
qa5nney
ahgane
T2€33°
hea2ge
100 L
REONL®
TE21L°
HpARNEQST
52EeE~'T
HEPA L AR
hoe22°T
QEQRF *
PRI
9418 "

282157 -
2HGPC T~
60621~
GLTETT~
64HL" T =
29201~
GRELE -
8€E25 %~
£6,E3°T-
92he%*T=-
HE-P AL S
h2ge2*t-
BERFA * =
H2L0H %~
36678~
TeHT+*T=-
hhh ) T
nCnEe*T-
LR Loh g
T16G92°T=-
6582571 °T=
9Q%0° *T =
Whe0O6 0=
125¢Q %=
HbQ2Q 0%
NCoQ /%=
(XLTYAR
TTL02°-
LAY T
fHQ2 " T
6TL95°
98.72°%=~
m..“mho.&.'
AR AA R
cONh i ta

g0
29
Qo
ca
w0
£9
29
19

-
1

(X
84
FX-1
ng
13
4¢
£4q
Fd
14
19
G
Qn
A
a4
cYy
hh
£
2h
Th
"
6%
C R
1%
=13
48
L 1)

00N
300N
“OON
09N
300N
“AaoN
T00N
100N
JGON
300N
J00N
“aoN
100N
ICON
I00N
AGIN
00N
00N
JICON
300N
09N
JOON
2094
J0ON
300N
00N
CON
ICON
300N
WwGNN
3coN
el
“goN
00N
00N
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S0=-33nG0c22°
60=-314%6640¢F°
SU=ZThl0gHe
a0-376c6848 "
90=326FTLET *=
90-33086271 °~
26=3220QLL8 %~
G0=-356€£20402°
§0=2T/21860¢ ¢
q0-z98490.¢°
9C=-384H 2662~
99=-32281485¢2 °~
90-25£96/.12 °~
90-33966297 *~
86-39920207 °~
20-3£988706°
90~22660%6"%*
G0-394966¢6H1°
§0-39££60hc°
$0~-3869982¢"°
$C=-5120960¢°
G0=317£2294¢°
90-3gHhhgT8e
90-59C9T668 *~
90-302059¢€L% *~
41-31597€59 *-
Si=3657T1TT"*
S0-7£626692°
6"=-369004€8 °
§0=-32¢2£220°
90-36TT%6LE °~
9C=-3842/25¢£¢9°~
9(~369994%H¢ *~
46-36£7.1625 °~
9n-33£29212°

U0 =~347HNGET

90-32946%LT *

Y0=CQcISET ®

G0-JbulELeT

90~-3£T8¢heEG -
AG=3LyT528L -
$0-2%78066G9 *~
90-ahh8Ed2 *~
950=3498%H8T *~
9¢=-36T £{c8F *~
G0=-An29sr £8P~
9N=-39bhelsg -
9)=SbENhc2E -
90=-5Tcese9L °~
9U=-2Te Jcbhe =
9C="L022T99°~
90=39281£99 °~
Gn=-382<LL79 -
90=oc8h228¢ =
90-79T4R¢cTE -
90-3£268405°

90«34 GLEELN °~
90~322:%46% %~
S0=-38T85¢T2 -
G9=71995661 *~
S0 =Fhhcgeal ¢~
S0=3LNTehlT *~
G0-942697 *=
S0-398¢€6C88T %~
aN=369°¢42T *~
SU~3E696CUH =
G0-769%276¢ *=
60-79T210 1L *~
60-322¥6%9¢ °~
40-3£T€L25E *~

e e

ING YD
R 5 A
Jagnaen
areagty
a3
Qﬁmmao
45661
6965°
wesne
J9G5ne
RILN 1R o
ANATT®
IGETTe
neagye
NEYTT®
TLEN TR 3 g
ingTTe
12T
1G63TT®
RECRTRS A
1gntTe
agpYTe
INNTT®
69LEH
ATITH®
£9496¢°
292249¢°*
IhFR2®
i18232°
he9h2*
L8620
hggnl®
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52032L°
926249°

s e ke S WA 1

GlEUT T~
162317 -
c294n -
neeriele
CORBE T
76408 ° T~
(LT R A
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"G2TT T~
In566°-

}CiERT-
GleeE T~
ig.0Q°%-
G21¢9°T-
nncil*l-
1¢2¢€9°T=~
00G03°T-
920 *T=-
10622°T=-
9497 T
ng2YrIe*Y=-
G215 T~
10065 °~

QRET6* T~
99672 ° T~
G%¢NL T~
Th2H7*T=
0£QLT* T~
9120 T~
h6956°-

94059 °T=-
64G66L°T~
28€8l T~
98169°T=
686C9°T~
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00N
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00N
A0oN
00N
00N
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00N
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Gh=T2heCeglT

‘C
dy=T86L%12¢°
ALK 211 P
9l=ThiggE0e "
IN=hELT0TH
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§0=76222¢27°

§7=3%296£27"°
By=:36¢64%21"°
U

ii=%3
9(=-37c2688Y"*
]
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BL=F00T.THE *-
BL=ZEWEGHTC *=
9)=71¢8ETIT "
FE=ZTEHEEHY *
9f=52287€0T "
5L==966T¢9T"*
3)=35CHhTHAT*
9C=3¢ci6%91°
o
L1=22LTEEHE *-
9r=9G39%. 9
§r-79T762212°
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o
G
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*G
o
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90«3 G5B UN6E -
G0=30nnEicn *~
0)=3.6 Thl€s °=
91=370¢za¥c*~
20-3gLEe6T S~
YN=309CJcqn *~
ELEECL LV R
Aj~3EH 70267 *-
L0=255€%T02°

99-34li82a0°=
903=-2b%9lT86 -
G1=361797495 *~
9G=-"T28€EEGH °~
LN=35258948 ¢

Y0=I68"2984 =
90=72804H£24 °~
93=3(92092¢°=~
4h=-3u72€£95 *-
90-7"763¢e85 %~
9N-30LgLnse’-
90=z2Ls%a8y *~
GR=nuECLDC *~
90-562n€caT*

Yr=39T9¢£93 *°~
90=2ggnLT5¢C -
Gl=392%cces -
-2 IHE)a *~-
cu=-3¢Ca2<etT*

C0=3922¢826 -
G0=£28£T8L %~
$J3=3uucecel -
Y=g 780683 °-
GU=346%E%23°~
91=-2b%439ET *
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A R g
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88724 °T~
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Gl£6C°T~-
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eEheQ°T-
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42182°T-
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C0GLL T~
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8T JI0ON
48T I00N
9eT 300M
GE€T JOON
%€T 300N
€€ JO0N
2€T 300N
TET 00N
0ET 300N
62T 300N
22T 00N
42% 300N
92T YaON
62T 00N
%21 00N
£27T 300N
22T 300N
T21 00N
527 300N
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8TT 00N
ZTT QAON
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9=31421%42°
Y5=ZFLhBGTE
A TprGHeYE o

%
L0-3389619)
9r=2206C261°
9l=310UPLEE "
gr=-3)8c2820°

¢

L2=334g2¢02%°
LL=22904+2c6H°
9u=zTCTG6ET
ar=-22151.22°
IL=-228284258 "
9C="2FH"Geh "
EALELA NI VLI
96-3T129264 *

‘v
3i=2264L9CTT "
2-78284€6¢"°
9i=zgGa8Hcce
I1=3J0SLEGS *

‘0
L0=380C246¢C°
vi=79080%¢T°
9C=-399TT8T2°
9n=-25.09¢C5¢°
9C~-36090248 "
9y="182¢TEL "
9%="6h0hN6L "
9r=zgscsche *

‘9
90=z/6n0€0T *
9C=T"n936H8: *
30=22%c2231%°

GN=320749STT *=-
lU=3g+grE0c oo
gU=3r9rTinE"

GL=T709YREFNT *~
9J=TeTIELIZ *=
gPl=Tghoory2 *=
Qiye3cviSECT *=
gN=1eTInire"*
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d. Step 4. Interpretation of Results

The K1 value for the problem is computed by the program and is given at

the end of the output.

as crack mouth opening displacement (node 100) and load point displacement

(node 13) can be read

the mesh. It should be noted that the actual crack mouth opening displace-

ment and total load line displacement in the present case will be twice

the Y-displacement of

Ky = 21-58609 ps1/Z; , Load Point Displacement = 233-74620 x 10-7 in.
Crack Mouth Opening Displacement = 75.1878 x 10-7 in.

e. Remarks

AAA,CM7006,T100,10100,

Displacement values at various locations, such

directly by identifying the proper node number on

nodes 100 and 13, respectively. The results are:

STANY, M--—--

ATTACH,TAPES, SRLC1,1D=M760328 .
ATTACH,LGO, SRLC,ID=M760328.

LGO.

End-of-record

3 (Total number of cases minus 1)

0.2 1.0 2.0
0.3 1.0 2.0
0.4 1.0 4.0
0.5 1.6 4.0
End-of-job.

The above set-up will

produce data for crack lengths 0.2, 0.3, 0.4, and

0.5 for Rf = 1.0 and Rg = 2.0. The job set-up for multiple runs using
SRLO1A is described in Section IV.

Note that the last four elements are as shown in Fig. 2e. Nodes 180, 181,

182, 183, and 184 are

located at quarter points of the element sides. This

necessitates the specification of the coordinates of these points in data

set 8 (Section III).

The purpose of this particular procedure is to model

the proper stress singularity or the crack tip as mentioned in Section II.
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2. EXAMPLE 2:

Consider a double notch circular ring (Fig. 9) under diametral tension.
Due to symmetry about X and
be considered for analysis.
the same mesh as of Example
simply by changing the data

DOUBLE NOTCH RING TENSION SPECIMEN

Y axes only one quarter of the ring needs to

In fact by changing only the boundary conditions
1 (Fig. 7) can be used.
sets 1, 3, and 4 of Example 1.

computer print-out shows the changes in the above data sets,

1185 3¢ 1 2 1 70
100800v00.00000

105 0 1 U.000000000000

146 (1] 1 0.00000U00G0000

107 0 1 0.0000000C00460

108 0 1 0.00000300600cC0C

1409 ) 1 3000000000000

114 ) b 0.00600u00u000

123 Y 1 0.00000G60d0000C0

128 U 1 d.000000000000

137 0 1 0.00u060000GLO

142 G 1 0.060600000u0GuC

151 ] 1 Jo0000u0006GUUCE

156 0 1 0.0000060000000

165 0 1 delbuGOLOODOLODG

170 v i Ve BOUOGEDLUGLOGE

179 g 1 0,000000u000L0

184 g 1 Do 0UCGOGOUVOGOLULO

185 0 1 Q.G0CO00GOO0UCE

1 1 0 Je00UO0UB VVVDUG

2 1 ] 0.060000000006

3 i 0 Ue000009u00000

L 1 ] 0e0LU000DVGOUG

5 1 b 0.06000G0J0GUTLO

] 1 6 Je00U0dVUOVOOU

4 i 0 0e0u00000J0GuUU

8 | 0 6.06G000000000

9 i U DeUGOOGOUCUOOD

10 i ] JoULLLEAUGEOLO

11 1 U 0.3000004u000u0

12 i 0 Ce0000CIVO00UU

13 i 0 0.G0u0u000000
1 Ve bbuBUUODOD

AR AT o0 4 e T

8

0 b7 5

+ 30000

0.u3C36L000330
0.000008000J)30
0elGJdulOLOOO0OR2D
J.000000000200
beQJvilGLLOULIOD
0.00v30C0OUOBI0
Ve07936L0003D)
0.,0203CC000030
Ue02000C0003J0
Je039000ULOUIID
JdeddducCcondllo
0.09008G300300
Je0JCI0U00LDID
ve03603PT05IT0
002u000C200030
LeUJL00CCO02J0
0.0000006L09)3D
JeddABJUOOL'IC
JedJ00GLSOOTY0
0995300000300
Je0OLOOCGCOQDID
0.000000C00390
JedJ0000002000
G.04030CG00301)
Je03020LC0LIID
Je 0303000500220
30333CL0O0COND
0.030300000)26
JeudlO0CGOODOG
003000u00uIdD

1.0PrGG000000

This is accomplished
The following




ot e oo e = R, e A g

T T NS, -

PO g - O U S O VUR) SUOU Qe S

iy,

Note that in data set 1 the number of boundary conditions (NBOUN) has
been changed from 17 to 30. In data set 3, thirteen more boundary
conditions have been added and the boundary condition of the crack tip has
been changed. 1In data set 4, the load is now applied at node 1. Also,
since the applied load is 1:0 1lbs, the resulting values for displacements
and K1 should correspond to a 2.0 1lbs load on the actual ring.

The rest of the solution procedure remains identical to that of Example 1.
The computer print-out of the results obtained by SRLO1A is shown o® the
following pages.
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As in Example 1, the Ky value corresponding to the applied load (2-0 1lbs)
is given directly. Nodes 1 and 100 correspond to the load point and the

crack mouth, respectively. Accordingly, we have for 1 1lb. load:
Ky = 3-0068 psi/in

load point displacement = 22-34021 x 10-7 in.
crack mouth opening displacement = 9.511695 x 10~7 in.

3. EXAMPLE 3: DOUBLE NOTCH RING COMPRESSION SPECIMEN (CRACK LINE PRESSURE)

The geometry of a Double Notch Compression (DNC) Specimen is shown in

Fig. 10a. Let us choose A = 0:5 in, R{ = 1-0 in.and Rp = 2.0 in,so that
the mesh of examples 1 and 2 may again be utilized. For this case however,
instead of obtaining a solution for a concentrated load directly, as in
Example 2, let us use the crack line pressure concept; the purpose being

to illustrate the procedure for applying distributed loads.

In Fig. 10b Oyy is the crack line pressure obtained by analyzing an unflawed
ring (no cracks) under the given loads P. In general, crack line stress

Oyy may be obtained either by solving the analytical elasticity problem or
by performing finite element stress analysis of the unflawed ring. The
analytical solution, if available, is of course preferable., For the case
under consideration, the stress distribution on the crack line was found by
taking the negative of the analytical stress distribution3 obtained for the
unflawed ring when P = 1, The node numbers, nodal coordinates and T.Oyy of

the points lying on the crack line are listed below.

Node X-coordinate(in) T.Oyy (psi)
100 (crack mouth) -1.0 -10.1365
101 -1,05625 - 7.72739
102 -1.1125 - 5.96154
103 -1.16875 - 4,.61541
104 -1.225 - 3.55142

36




Node X-coordinate (in) T.Oyy(psi)
110 -1.28125 -2.68151
115 -1.3375 -1.94734
124 -1.36563 -1.61820
129 -1.39375 -1.30913
138 -1.42188 -1.01697
143 -1.45 -0.739051
152 -1.465 -0.595854
157 -1.48 ~0.455750
166 -1.485 -0.409688
171 -1.49 -0.363927
180 -1.4975 ~0.295833

185 (crack tip) ~-1.5 -0.273276

It is noticed that nodes 100, 101, and 102 belong to the same element whose
connectivity is: 81 83 102 100 82 95 101 94 (see connectivity data of
Example 2). In accordance with the convention shown in Fig. 1, the nodes
100, 101, and 102 form side 3 of the element. In a similar fashion we

can identify the group of nodes (102, 103, 104), (104, 110, 115),

(115, 124, 129), etc. being side 3 of respective elements to which they
belong.

Next, for each element side, such as (100, 101, 102), we have
polynomial traction distribution of the form:

Ty = A] + A2X + A3X% + A4X3 = oyy ny = oyy

Py = By + B + B3Y2 + B4Y3 =0
where ny is the only nonzero component of the outward unit normal. For the
present case By = By = By = B4, = 0, Assuming a quadratic distribution
of Ty, A, = 0. Then, for each group of nodes, such as (100, 101, 102),
the coefficients Al’ A2' A, are found since the coordinates and pressure
distribution at each node is known. For the present case this was
accomplished by writing a small computer program to solve three linear

algebraic simultaneous equations. The result was as follows.
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NODE GROUP Al Ay A3
100,101,102 51-03588 80-16584 32.35651
102,103,104 28-82489 39.99275 14.19187
104,110,115 17.87724 22.03494 6.82783
; 115,124,129 12.93540 14.57838 4.01532
1 129,138,143 10.66238 11.31630 2.84494
143,152,157 9.28895 9.41632 2.18785
157,166,171 8.69650 8.61401 1.91623
171,180,185 8.42768 8.25336 1.79527

Using the displacement boundary conditions showm in Fig. 10b, the SRLOlA
data for the problem can now be prepared. Since the mesh and displacement
boundary conditions remain identical to those of Example 2, only the changes

are described in the following.

a. Data set 1: NCONC = 0 (no concentrated loads). .
b. Data set 2: Same as Example 2, : 4
c. Data set 3: Same as Example 2.
d. Data set 4: Not present.
e. Data set 5: Same as Example 2,
f. Data set 6: NTYPEL = 1 for those elements along the crack surface.
g. Data set 7: Same as Example 2.
h, Data set 8: Same as Example 2,
i. Data set 9:
3
51.03588 80.16584 32.35651 0.0 0.0 0.0 0.0 0.0
3
28.82489 39.99275 14.19187 0.0 0.0 0,0 0.0 0.0
3
17.87724  22.03494 6.82783 0.0 0.0 0,0 0.0 0.0
3

12.93540 14.57838 4.,01532 0.0 0.0 0.0 0.0 0.0




3

10.66238 11,3163 2,84494 0.0 0.0 0.0 0.0 0.0
3

9.28895 9.41632 2.1878 0.0 0.0 0.0 0.0 0.0
3

8.6965 8.61401 1.91623 0.0 0.0 0.0 0.0 0.0
3

8.42768 8.25336 1.79527 0.0 0.0 0.0 0.0 0.0

j. Data set 10: Same as Example 2.

k. Data set 11: Same as Example 2.

The data image produced by SRLO1A, and the finite element solution were

as follows.
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The above results show that Ky for the problem is 2-60167 psifzg. The

same problem of double notch ring compression specimen when solved by

applying concentrated load P directly (Fig. 10a) gave stress intensity

factor value of 2.59355 psivin. The 0.3% difference in the two values

could be attributed to round-off error in the calculation of nodal stresses
from elasticity solution and in the evaluation of pressure polynomial
constants. Further, the assumption of quadratic pressure distribution

over each element side may have contributed to the difference. An interesting

exercise would be to try constant, linear, and cubic pressure polynomials.
4, EXAMPLE 4: COMPACT TYPE SPECIMENS

One of the advantages of using programmed mesh generation along with the
finite element program is that changes in geometry pose no difficulty,
For a compact tension test specimen (Fig. 11) of standard geometry

(H/W = 0.6) and for WOL specimen (H/W = 0.486) SRLO1A results can be
found in reference 4. For the present example we choose the following

dimensions:

H=1.2 in,
W= 2,4 in.

W1 = 3.05 in.
S = 0.0938 in.
F = 1,417 in,
E' = 0.55 in,
R = 0,25 in,

6 = 40.0 deg.
A =1.2 in,

50




The mesh generation program SRLCMP (Appendix I) was executed using the
following cards:
Job Card
ATTACH, LGO, SRLCMP , ID=M760328,
‘ ATTACH, TAPES, SRLCM,CY=2, ID=M760328.
% LGO.

End-of-record card
1.2 0.55 1:417 1-2 0-0938 40-0 2.4 3.05 0:25 0-55 ?

End-of~-job Card

The last entry on the data cards is the distance n - n (Fig. 11). This 1
distance should always be kept less than 2 x E' and larger than S. The
location of point n can be chosen to correspond with the actual COD

measurement location in an experimental set-up.

The use of plotting program SRL1l provided the mesh plots showm in

Fig. 12. Due to symmetry about the crack axis, only the upper half of
the geometry is used in the analysis. The displacement and force
boundary conditions are shown in Fig. 13. The crack tip is fixed in both
X and Y directions to eliminate rigid body motion.

The data image produced by SRLOlA was as follows:
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s 4875000€+00
+4875000E+00
+4875000E+00
»4875000E+00

+ 46750 00E+00

s 4875000E+00
o4 8TS5000E+00
¢ 3093750£+00
+« 30937 S50€E+00
+« 30937 50E+10
+» 3093750€E+00
¢ 3093750E+00
¢« 30937S0E+00
+ 30937 50E+10
+ 30937S0E+00
0 1312500E+30
«1312500E+00
«1312500€E+20
¢ 1312500£+90
e 1312500E+00
«1312500€+00
» 13125 00E +00
« 13125 00€E+920
+1312500E+00
«1312500€+00

¢1989700E+00 NODE L4
+«2369850E+00 - NOOE - 8
+2750000E+00 NJDE 9
+#125000E4+00 —NDDE- 10
«5500000€E+00 NJDE 11
«7TS0000E+00 NIODE 12
«1000000£+01 NODE 13
<I100000E+#0Y —DE 1%
«1200000E+01 NODE 15

0 T T NYO0E T 18

e 4690000E~-D1 NDDE 17
<1229300€+00—NODE— 1
¢1969700E+00 NOD:Z 19
S2T50000E+00 NODE 20
+5500000E+00 NJDE 21
+1000000€+01 NJDE— 22
«1200000E+01 NODE 23

'O —NOOE 2%

+2345000€-01 NODDE 25
+%690000E=01 ~NODE 26
«8491500E-01 VJOE 27
<1229300E+00-— NODE 28
+«1609500E+00 NJDE 29
v19897 00E+ 00— IDE-—30
«2369850£+00 NJIDE 32
<S2750000€+00 NODE - 32
«4125000E+00 NODE 33
+3500000E+00 — ¢IDE 3%
«7750000E+00 WIDE 35
<1000000€+0t— NODE—36
«1100000E+01 NIDE 37
+1200000€E+01 DX - 38
0. NJDE 33
+8%690000E=01 NOOE 40
«1229300€+00 NODE 61
19897 00EC00——IDE-—#2
¢ 2750000E+00 NINE 43
+5500000E¢+00 0 Z — &%
«1000000E+01 NODE 45
+1200000E+0t  NODE %6
0. NIDE W7
s2345000E~0 NIDE—48
+4690000E~01 NODE &3
849150001~ VODE—5¢
01229300E+00 NIDE Si
+1609500E¢00- -NIBE- 52
«1989700E+00 NOOE 53
2369050 +00—NIDE— 54
¢2750000E+00 NVIDE 55
TH125000€E+00 - DE — 56




¢« 1312500E+¢00
«13123500€+00
«1312500E+00
*1312580E ¢ 00
¢« 1312500E+00
+9562500E~-01
+9562500€-01
+9562500€-01
«9562500€E-01
«9562500€~01-
+9562500E-01
+95625060€-01
«9562500E-01
«6000000E~-01
«6000000E-01
+6006000E-01
«6000000E-01
+6000000E-01¢
«6000000E-01
«6000000E~-01
«6000000E-01
«6000000€E-01
«6000000E-01
«6000000E-01
+6000000E-01
+6000000E-01
«6000000E-01
+6000000c=01
+%200000E-01
+3868500E-01
¢« 3000000E~-01
«3000000E-01
+»3000000E-01
‘¢ 3000000£~-01
«3000000E~-01
+3000000€E-01
«3000000€E-01
¢ 200000E-01
«2048500€E-01
-+ 1697 000E-01
¢ 86485000€E-02
«1950000€-0%
«1379000E-01
*«1500000£-01
«1280500E-01
«1061000€E-01
«5305000€E-02
¢ 3750000&~02
« 2650000€-02

_ﬁ

«5500000E+00 NODE 57
+T750000€+00 NODE 58
«1000000E+02 NODE 59
1100006 E+0t —NODE 50
»1200000E+02 NJDZ 61
L K NODE— 62
+4690000E-01 NODE 63
71229300 +00 I BE—O&
«1989700E+00 NJDZ 65
27500 00E+00——NODE— 66
«5500000€E+00 NOOE 67
+1000000E+01t—N3DE 68
«1200000E+01 NIDE 69
s —NOOE—T0
«2345000E-01 NODE 71
69000 0Et-0+—3 08—
«8491500E-01 VIDE 73
+1229300E+00—NODE——T4
«1609500E+00 NIODE 75
=1989T 00E+00—NIDE— 76
«2369850E+00 NODE 77
«2750000E+00 NODE 78
«4125000E+00 NODE 79
-«5500006E+00 —NODE-— 80
o 77500006400 NIDE 81
+$000000£4+01—NOBE—-82
«1100000€E+01 NOD:Z 83
+v1200000E+04+— N3 BE—84
0 NJDE 85
v3193506E-01 -NIDE—H5
+« 4690000E~01 NIDE 87
+1229300E+06-—NODE—88
«1983700E+00 NIOE 89
2754808 E4+00—NOBE—36
+5500000E+00 NODE 091
+1000000€+01-—NODE - 32
«1200000E+01 NODE 93
242 - AT
«8485000€E-02 NODE 85
w1690 00E~01—NIDE -6
«2048500E-01 NODE 37
Bo— --N)DE---38
«1373000€E-01 NJ)DE 99
8—— - - -NDBE 100
«5305000E-02 NJDE 10%
v+064000E~01—NODE 102
«1280500E-01 NJDE 103
o - ——--——NOQ BE- 104
«2650000€~-02 NIDE 105




0. e e ey e D DE-106 -
0. 0. NIDE 107
S S NIDE—108-
0. +3750000E-02 NODE 103
N s e i o = 1500000E-01— NO.DE-110
0o «1950000E-01 NIDZ 111
0.- e e~y 24000 00E-04 —N3DE-112-
0. +3545000E-01 NODE 113
0e- - S v4600800E~01 NI DE-144~
0. «8491500€-01 NJ0Z 115
0. - C e e e 1 2293006400 ) DE- 116
0. +1609500E+00 NJDE 117
0. e 1989700E 400 —NIDE 118
0. «2369350E+00 NIDE 113
0. — S - «2750000E400—NJ0E -120-
0o «4125000E+00 NODE 128
0s - - —— - +5500000E400—NDDE—122
0. .7750000€+00 NIDE 123
Qo e - e, 1000000E404 - V)DE-124
0. «1100000E+01 NDDE 125
P JE— —— ——— 1200000404 —NDDE—125
-« 37500 00E-02 0. NDODE 127
~e 2650000€-02 - - —- +26500006-02—NIDE-128
~.1500000€-01 0. NIDE 123
~e1280600€-0L - - —-— - ———<5305000E~02— NIDE 130
~e1061000E-01 «1061000E-01 NODE 131
~+53060-006-02 vi2005006~01 430F 132
-.1950000E-01 0. NIDE 133
“e1379000E=~04-  — --— - — - +1379000E~01-—N0DE -134
~« 24000 00E=-01 0. VIDE 135
~e 2048500601 - - - —— ————— ~§485000E-02 —NI0Z 136

*91697000E-01

«1697000E-01 NDDE 137

~+ 84850 00€E~02 v2048500E~01NODE-138
-+ 3000000€E-01 +4690000E-01 NODE 139
~«3000000€-01 - - — - -— - ———1220380E400  -NIDE- 140
¢ 3000000E~-01 ¢19838700E+00 NIDE 161
~+3000000E-0¢- - ———— —— ————52750000E+00--IDE- 142
-+3000000€-01 «5500000€E+00 NOOE 143
=+ 3000000E-01 +1000000E+01 NODE 14b
*¢ 3000000€-01 ¢1200000E+01 NIDZ 145
- %200000€E=-01 0% NIDE 148
¢ 3068500E-01 «3193500E-01 NJDOE 147
-56000000E~01 —0% —NIDE1hD
-«6000000€-01 e 2345000E-01 NODE 149
560000 00E-0t +4690000€-01 - YDE 150
~¢6000000E~-01 «86491500E-01 NODE 15%
=6000000E8=0t- 31 229300C+00 NODZ 152
-.6000000E-01 «1609500E+00 NIDE 153
»e6000000E~01 198870 O0E¥ 00— NIDE18%
=« 6000000€E-01 023695505000 NDdE 155
-2 50000 00€E~-0L - 27500 00C+ 00— NDOE 190
-+6000000E-02 «4125000E+00 NOOE 157
-5 60080 008-01 — +5500000€+00— ¢00E 158
=+6000000E~01 «7750000E¢00 NIDE 159

-+ 60000 00E=01 -

+1000800E+01- -400E 160




-+ 6000000E~01
60000 00€~01-
-.08331500€-01
83315 00E=01
«¢8331500E-01
83315 00E-01
~.8331500E~-01
-+ 8331500E-01
~.8331500€E-01
~+8331500€E~-04
=9 10663 00€E+00
= 1066300E+0D
-+ 10663 00E+00
510663 00€+00-
~s1066300E+00
10663 06€+ 00
~.1066300E+00
«51066300E+00
~+«1066300E+00
10663 00E+IE-
-2 1066300E+00
~5s 10663 00E+00-
-+1066300E+00
~¢ 10663 00E +080-
~¢ 10663 00E+00
16402 560€E+00-
-+1610250E+00
=3 16102 50E+00
~+1610250E+00
-+1610250E+76-
~21610250E+030

-s 1610250€+00

-+ 1610250E+00
-+ 21542 06€E+00
=e 2154 200E+00
-+2156260E+00
-+ 21542 00E+00
-s 21542 00E+00-
¢ 21542 00E+00
=+ 21542 00E+00-
»s 21542 00E +00
e 215642 00E+30-
~¢2154L200E+00
-+ 21542 00E+08
=e 2154200E+00
-+ 21564200E+00
=« 2154200E+00
=3 215642 00E+00
¢ 324621 00E+00
~+38866L00E+00
=o 38864 00E+00
=+ 30064 00E+00
=+ 38864 00E+00
-+ 38864L 00E+I0
“¢ 38064 00E+00

<1100000E+01 NODE 161
—T 2000008 +01t—IDE—162-
0. NIDE 163
—4690000E=01—NIDE 164

+1229300E400 NIDE 165

~—NIDE- 166

27500006400 NODE 167
~+5500080E+00—NIDE—160-

+1000000E+01 NIDE 169
—1280000E+0+ —490E- 170
0. NIDE 171
—2345000E-01— 43D 172

+4630000€E-01 ¥IDE 173
—0491500E-01t—NOBE 174

+1229300E+08 VIDE 175
—+1609500E+00——¥IDE 176

<1989700E+00 NODE 177
~ +2369850€ ¢80 NIDE 175

«2750000E+00 NODZ 173
— 4 t256-06E+80—HIRE—166-

.5500000E+00 NIDE 1b1
— 77500 00E+00— NODE-182

<1000000E+01 ¥IDZ 183

+1100008E+04—VIDE 184

«1200000E+01 NIDE 185
o 4IBE—186

<4690000E-01 NIDE 187
—v$229300E+80-NINE 188

«1969700E+00 VIDE 139
—2750000E+00——NIDE-190-

.5500000E+00 NJIDE 1°1
—+680000E+0+—¥IDE-192-

<1200000E+01 N)DI 133
2 —-498E- 134

«2345000E-01 NODE 195
~-s4690080F -0 - 4B 136

<8491500E-01 NIDE 197
—=+229300E+00—NBBE—198

+1609500E+00 NIDE 133
- +1989T-40E+88— ¥DDZ 200

+2369850€400 NIDE 201
- 2750000€+080 - -NDDI 202

+4125000E¢00 NDDE 203
—+5500880E408— ¥IDE284-

«7750000E+00 NIDE 205
~+1000000E+01- 4202 206

<1100000E+01 NIDE 207
+1200088E+04- NIDE- 203
0o NIDE 203

«4690000€-01 ¥IDE 210

<1229300E+00 NIDE 211
—+1989700E400— NIDE 212

«2750000E+00 ¥ODE 213
—+5500000€400 - 430 214

«1000000E+01 NIDE 215

Y s LU ol




=+ 38864008400
-+ 4330000E+00
=s 49743 00E+00
-« 56186 00E+ 00
-+56186 DOE+00
~+56186 00E +00
©e56186 00€+08
-+ 56186 00E+00
-=+56186 00E+00
~+56186 00E+00
~e5618600E+08
-.56186 00E+00
~+56186 00E +00
~+56186 00E +00
-.56186 00€+00
~.56186 00E+00
-+ 65889 50€+00
-.65838950E +00
-+ 6588950£+00
-+ 65889 50E +00
-« 65889 50E+00
-+ 6588950E+10
-+ 6588950E+00
e 75593 00E400
-+ 75593 00E+00
-+ 75593 00E +00
=+ 75593 00€ + 00
=« 75593 00£+00
-« 75593 00 E+00
-+ 7559 3 GOE +10
= 75593 00£ +00
-+ 75593 00E +00
-. 75593 00E+00
-+ 75593 00E+00
-+ 75593 GOE +00
-+ 75593 00E +00
~e9779850E400
-« 9779650E+00
-« 97796 50E+00
-+ 9779650E +20
- 88959 00E+ 20
-+8529650E+00
-+ 88959 D0E+00
=+ 9779650€+30
-+ 97796 50E +0D
-+1200000€+01
-+ 1200000 +01
=+ 1200000E+01
~+1200000€ +04
=+ 12000 00E +01
e 12000 00E+01
-.1200000E+01
-« 1200000€+01
e 12000 00€+01
~e11116 256401

58

+12800080E404+—N0DE—246
0. VIDE 217
—~23450-00E-04—NOBE—248
« 4690000E-01 NODE 219
~8491500E~04—NOBE220
«1229300E+00 NODE 22%
++609500£+00-—13 85222
«1989700E+00 NDDE 223
~2369850E+00-—NODE—224
«2750000E+00 NODE 225
o 4125000400 —NBE--226
«5500000€E¢00 NIDE 227
v ¥58800E4+00— 35228
«1000000E+01 NIDE 229
v1100000E4+01+—N3DZ- 230
«1200000E+01 NIDE 231
+ 4690000E-01—-NODE232
¢1229300E+00 NODE 233
v196897-60E£40-0—NIBE—234
«2750000E+00 NODE 235
+5500000E+00--NJDE-236
«1000000E+01 NOOE 237
«1200000£4+81+—HDE-238
+4690000E-01 NODE 233
w8491500E~04+—4)DB5240
«1229300E+400 NDDE 241
+1609500E+080— NDDE- 242
¢1989700E+00 NIDE 243
+»2369850E400- 40X 244
«2750000E+00 NDDE 245
4+1265000E400—NDDE246
+«5500000E+00 VIDE 247
7 750000E400—-NIDE-20L8
+10060000E+01 NODE 243
«1100000E+01- -NODE- 250
«1200000€+01 NJOE 251
A 690000E~01- NI DE-252
+1223300E+400 NJDE 253
v1983700E4+00 — NIDE- 254
«2750000E+00 NOIDE 255
324 1250€400—NIDE 256
«5500000E+00 VI)D:Z 257
w8 633750E4+00-—NODE—258
«1000000E+01 NDDE 259
+1200000E4+01 - -VDBE-260
+4690000E-01 NIDE 261
«8491500E-01- NODE 262
¢1229300E+00 NODE 263
+1609500&400— N3DF-264
«198¢700E+00 NIDE 265
+2369850£400 - NODE- 266
«2750000€+00 NODE 267
«2875000E+00- NJIDE 268
¢« 3000000E+00 VIDE 269
« 336625064+00—08-220




DAy 4

-+ 1023250E+01
=¢9866250€E+00
=¢3500000E+00
-« 9866250E+00
=+ 1023250E+01
-e1111625€+01
~«1200000E+01
~+1200000€+0t
=+ 1200000E+01
-«1200000E+01
~«1200000E+01

"=e1425000E+01

= 1425000€+01
~+1425000€+01
=+ 1425000E+01
~o 1288375E+01
~+1376750E+01

-, 1413375€E+01

=+ 1450000E+04
=+ 1413375E+01
~+1376750€E+01
=~ 1288375E¢01
=+ 1425000€+01

~e1425000€+01

e 1650000E+01
s 16500 00E+01
-+ 1650000€+01
~:+1650000E+01
~s1650000E+01

~. 16500 00€+01

~+1650000E+01

" =e1650000£4¢01

=2 16500 00E+01
~+1650000€+01
~.1650000E+01
~c1650000E+0%
~+1650000£+01
~.1513375E+01
~¢1550000E+01
~e1513375E+01
~+1750000E+01

- =e1750000E+0t

e 1750000E+01

e 1750000E¢01

~«1750000E+01
=4 17500 00E+01
~+1750000E+01
~+1850000E+04
~+1850000E+01
o 1850000E+01
=+1850000E+01
«.1850000€ 01

«3732500E+00 NODE 271
+4616250E4+00 NODE 272
«5500000£E¢008 NJIDE 273
+«6383750E+00-—N3DZ 276
«7267500E+00 NODE 275
o 7633750€4¢00 NIDE 276
«8000000k+00 NODE 277
+9000000E+00 — NODE-278
«1000000E+01 NIDE 279
+1100000€+0L ~NODE 280
«1200000E+01 NIDE 281
“H690000E=01—NODE 282
21223300E+00 NIDE 283
19897 00€E+00  NODE 28 Y%
«2750000E+00 NJIDE 285
+3366250£+00 NOIDE 286
«3732500€4¢00 NJIDE 287
s4016250E+00 NIDE 288
«5500000E+00 NDDE 2893
+6383750E+00 3D E 290
«T267500E+00 NJOE 291
<T633T50E+«00 —NO0E 292
«1000000E+01 NODE 293
1260000+t E 29
+4690000E-01 NIODE 295
+84591500E=01 - NIDE- 296
¢1229300E+00 NJDE 2937
16095 00€E+00 NIDE- 298
¢1989700E+00 NIDE 293
+ 23693508+ 00— X DE—300
+2750000E+00 NODZ 301
+H125000€E+00 I DE—302
¢5500000E+00 NJDEZ 303
s TTS50000€E¢00 - NIOE-30%
«1000000€+01 NODE 305
711000 00E+0+—NIDE—306
¢1200000E+01 ¥DJE 307
+324:1250€E+00 D DE—308
+5500000E+00 NJDE 309
s8633750E+00 NIDE-310
+4690000E-01 NJD: 311
+1229300E+00——40DE 312
+1989700E¢00 NDODE 313
2750000600 — NODE— 3ty
+5500000E¢00 NJDDE 315
71 000000E+01 - NONE—I16
¢ 1200000E¢01 NJDZ 317
%690000E-04—NODBDT—I1S
«8491500E~-01 NODE 319
51229300€+00-—4INE-326
«1609500€¢00 NJD: 321
19097 00€+00 NDDE I22




S Baege

=+ 18500 00E +01 +2369850€400 NIDE 323
-+ 1050000 E+04 vE750000£+00— 0D 324
-+ 18500 00E+01 4125000€+00 ¥IOE 325
- 18500 00E+01 — — — ——————5500000E+00 —NODE—326
=+ 18500 00E +01 «7750000E400 NJDDE 327
-+ 1880000E401 — — ———— +1000000Ev01—NODE 328
-.1850000E+01 <1100000€+01 VIOE 329

-+16500-00E+0L

12000 00€ +0+—NODE— IO

RO




The results of the analysis are summarized below:

K1 = 659341 psi/in

Sm-m = 66.43846 x 10-7 in
§1-1 = 43.76998 x 10~7 in
8p-p = 48-98702 x 10-7 in
8g-g = 46:30266 x 107 in

The points m, 1, p, and g are indicated in Fig. 11 and these correspond
to nodes 318, 261, 277, and 281 on the mesh respectively. The displace-~
ment values shown above were obtained by multiplying the V-displacements

of the corresponding points by two.
5. EXAMPLE 5: THREE POINT BEND SPECIMENS

The geometry of a three point bend specimen is shown in Fig. 14. The
data for this problem was generated by using the program of subsection 4
of Appendix I, and the following dimensions:

L =4+254in. , P'= 0:0625 in.

S = 4,0 in, R THETA = 40.0 deg.

W= 1.0 in. ’ G =0.2 in.

¢'=0.375 in, , A = 0.5 in.

N =0.25 in. , H=0.125 in,

B=1.0 in.

The data image produced by SRLOlA was as follows:
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284
288
286
287
.288
289
290
295
3684
309

1 30 99 47 2 2 3 o0 ¢ 0129 S
1g00a0e0,. 01038 * 38000
0 i 9.008040000000 0000900000000
0 1 0, 000000000000 . 0000000020000
0 1 9,000003000000 Gs 000000000006
T 1 e 882040880000 e« C00040888800
e i 8.000800800000 0+000000000000
L] i %.00008008000092 0e 000000000008
0 i 0.03000000000° 0009000000000
0 1 050080000000000 Le00PE80000000
e 1 0.000870000000 0000000000000
8 i 0« 008009800000 24000008000000
6 1 0,0000000060000 0.630000000000
9 1 0.00%000000000 Pe000N0000LO00
T 1 SeD0MBLEGEREN0 S«t0020830L0VI0
0 1 8. 008000800000 04000000300000
i 1 0,6000000080000 0+000000000000
1 | 0.000000000000 3.000000000000
1 1 02030000000600 Ge0ROPAE9CH000
«50080000008 0.,0000080000
-45000000000 040000008000
3 1 3 21 2 20 31 1 1 1,00000
5 3 32 22 & 21 33 1 1 1200000
7T 85 3% 23 €6 22 35 1 1 1688000
9 T 36 24 8 23 37 1 1 14000040
11 9 38 25 10 26 39 1 1 1,00000
13 11 &0 26 12 25 &% 1 1 1.,90000
15 13 &2 27 14 26 43 1 1 1. 00800
17 15 &4 28 16 27 &5 1 1 1,00000
19 17 &6 29 18 28 47 T 1 1400000
32 30 59 50 31 49 60 1 1 1,00000
38 32 61 51 33 50 62 1 1 1.00000
36 3% 63 52 35 51 66 1 1 1.90800
3¢ 36 65 53 37 52 66 1 1 1480000
40 38 67 54 39 53 68 1 1 1000000
2 40 69 55 &1 54 70 1 1 1400000
bt 42 71 56 &3 55 72 1 1 180000
86 &4 T3 57 45 56 T4 1 1 1. 08000
&8 &6 75 58 &7 57 76 1 1 100000
61 59 88 79 60 78 89 1 1 1.00000
63 61 90 680 62 79 91 S | 1400000
65 63 92 841 64 89 93 1 1 1.00800
67 65 9& €2 66 81 95 1 1 100000
69 67 96 83 68 82 97 1 1 1400080
74 69 98 84 70 63 99 1 1 1000000
73 74 168 85 72 684 182 1 1 1480000
75 73 102 66 74 85 103 1 1 1400000
T7 75 184 87 76 86 408 1 1% 1,00000
.90 . 90 117 108 089 107 2118 1 1 1,00000
92 99 119 189 91 103 120 i 1 1608800
9% 92 121 116 93 109122 1 1 1.00000
96 9% 123 121 95 110 12 1 1 1400000
96 96 128 112 97 111 12¢ 1 1 1.00000

s limd e ki,
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129 100 98 127 113 99 112128 1 1 1400000
131 1%2 100 129 114 101 213 130 31 1 1400000
133 10% 182 131 115 163 114 132 1 1 1480000
135 106 104 133 116 105 115 138 1 1 1, 00000
148 119 147 14€ 4137 118 136 147 1 1 1400000
150 121 119 148 138 120 137 149 1 1 1480808
152 123 124 150 439 122 138 151 1 1 1.90000
154 125 123 152 160 126 139 153 1 1 1400000
156 127 125 154 141 126 140 155 1 1 1.00000 |
158 129 127 15€ 162 128 181 157 1 1 1400000 |
168 131 129 158 143 138 142 159 1 1 1,00000
162 133 131 160 164 132 1643 161 1 4 1400000
164 135 133 162 165 13% 144 163 1 i 1. 00800
A77 148 146 175 166 147 165 176 1 1 1400000
179 150 4148 177 167 249 166 178 1 1 1.80000
181 152 158 179 168 151 167 180 1 1  1.00000
183 154 152 181 169 153 168 182 1 1 1400000
185 156 154 163 4170 155 169 184 1 1 1.00000
187 158 156 18% 171 157 4170 186 41 1 1400000
189 168 158 187 172 159 171 188 1 1 1,00000
191 162 160 189 173 161 172 190 1 1 1400000
193 164 162 191 174 163 173 192 1 1 1,00000
205 179 177 283 195 178 194 204 1 1 1000000 !
207 181 179 205 196 184 195 206 1 1 1498000
209 183 184 207 197 182 196 208 1 1 1300000
211 185 183 209 198 184 197 210 1 1 1400000
213 187 165 211 199 186 198 212 1 b 1.00000
215 189 187 213 200 188 199 21& 1 1 1408880
247 191 1689 215 204 490 200 246 1 1 1400000 !
249 193 491 217 202 192 201 248 1 1 1200000 ,
€31 205 203 229 221 204 220 230 b § 1 1.00000
(233 207 205 231 222 206 224 232 1 1  1«00000 :
235 209 287 233 223 248 222 234 1 1 1,00000
237 214 209 235 224 210 223 236 1 1 1400000
239 213 211 237 22% 212 224 238 1 1 14080000
261 215 213 239 226 214 225 240 1 b § 1400000
283 217 215 241 227 216 226 2462 1 1 1406800
245 249 247 243 229 21% 227 264 1 1 1000000
257 231 229 255 247 230 246 256 1 1 1400000
259 233 231 257 248 232 247 258 4 1 1,00000 j
264 235 233 2%9 249 234 248 260 1 1 180000
263 237 235 261 250 236 249 262 1 1 1,00000
265 239 237 263 254 238 250 264 1 1 1408000
267 2041 239 265 252 240 251 266 1 1 1400000 %
269 203 241 267 253 242 252 268 1 1 1400000 i
271 245 243 269 254 24A 253 2T@ 1 1 1400800 i
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In this case loads of 0.5 1lbs. are applied at points 1 and p (Fig. 14),

and the crack tip is fixed in both directions. Therefore the total load
point displacement is the sum of the magnitudes of vertical displacements
of points p and 1. 1In Fig. 14, G represents the location of clip gage

to measure the crack opening displacement. The result of the analysis
gave the following values of stress intensity factor, load point displace-

ment and the crack opening displacement;
K1 = 10.6892 psivin
Load point displacement = 58.01097 x 107 in.

Crack opening displacement = 16.02759 x 10-/ in,

On the mesh points p and 1 correspond to nodes 30 and 290, respectively.
Crack opening displacement is twice the Y displacement of node 229.

6. EXAMPLE 6: SINGLE NOTCH RING SPECIMEN

Single notch specimens in the shape of circular rings are shown in Fig. 15.

The program of subsection 2 of Appendix I generates the data for single
notch ring compression specimen (Fig. 15a). The data for the tension

case is generated by changing the loading condition.

Choosing A = 0.5 in., Ry = 1.0 in and R, = 2.0 in., the mesh generation
program was used to produce the required data for SRLOlA. The data image
produced by SRLO1A, which corresponds to the mesh of Fig. 16 was as

follows.
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The execution of SRLOlA resulted in the following values for stress

intensity factor, crack opening displacement, and load point displacement:

Ky = 1.8940 psi/in

COD = 2 x (Y-displacement of node 180) = 6.45932 x 10~7 in.

81,.p = sum of the absolute value of X - displacements of node 189
and node 13 = 15.31517 x 10~7 im.




6.

SRLO1A:

SRL11:
SRLC:

SRLRNG:

SRLCMP:

SRLBND:

a new problem.

SECTION VI
CONCLUSION

p The report contains user's manuals for the following programs:

A two dimensional linear elastic finite element
analysis code for crack problems.

A mesh plotting program.

A mesh generation program for C-shaped and double-
notch ring shaped specimens.

A mesh generation program for single-notch ring
shaped specimens.

A mesh generation program for compact tension type
specimen geometries.

A mesh generation program for bend specimen geometry.

Although the mesh generation programs have been carefully tested, the
user should not expect these programs to produce acceptable data for
arbitrarily chosen geometrical dimensions for any given specimen shape.
The programs are however expected to generate proper data for standard

geometries with minor modifications.

It is highly recommended that a new user try to solve one or more of the

illustrative examples presented in Section IV before attempting to solve




APPENDIX I i
MESH GENERATING PROGRAMS

1. C-SHAPED SPECIMEN

The finite element data for SRLOlA to analyze a C-shaped specimen may be
generated by executing the following program:
Job Card
ATTACH,LGO, SRLC, ID=M760328.
ATTACH, TAPES, SRLC1,ID=M760328.
LGO.
End-of-record
3 N (Total number of data sets to be generated minus 1)
{ A RI RO (Crack length, inner radius, outer radius)

A RI RO
End-of-job.

Note: a) Format for N is (I4)
b) Format for A, RI, RO is (3F10.5)
c) The mesh may also be used to analyze double notch circular

ring specimens (see examples 2 and 3).
2. SINGLE-NOTCH RING SPECIMEN ﬁ

Data for a single notch ring specimen (Fig. 15a) can be generated by
using the following program.
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Job Card
ATT\CH,LGO, SRLRNG, ID=}760328.
ATTACH, TAPES, SRLRG,CY=2,ID=M760328.
LGO.

End-of-record

A RI RO (crack length, inner radius, outer radius)
End-of-job.

Note: a) Format for the data card is (3F10.5)
4 b) For multiple runs put as many LGO. cards as number of cases,

- and place an end-of-record card in front of each data card.

c) The mesh may also be used for a single notch ring tension
specimen (Fig. 15b) simply by changing the location of the
applied load from nodes 13 and 189 to node 81.

3. COMPACT TYPE SPECIMEN

The data to analyze a compact specimen of given geometry may be generated

by using the following program.
Job Card
ATTACH,LGO, SRLCMP, ID=M760328.
;E ATTACH, TAPES, SRLCM,CY=2,ID=M760328.
LGO.
End-of-record
A E F H S THETA W W1 R GS
End-of~-job .

Note: a) Format for the data card (10F7.4)
b) GS is the distance n-n in Fig. 11.
c) Procedure for multiple runs is the same as for single notch

bl

ring specimen of the previous section.




LGO.

i 4, THREE POINT BEND SPECIMEN

Job Card
ATTACH,LGO, SRLBND, ID=M760328.
ATTACH,TAPES,SRLB,CY=2,ID=M760328.

End-of-record

L W G' N P' THETA G A H B
End-of-job
Note: a) Format for the data card (11F7.4) for definition of symbols

b)

see Fig. 14.
For multiple runs follow the procedure described in Section

3 for single notch ring specimen.
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APPENDIX IL
PLOTTING PROGRAM

1. USER'S GUIDE FOR MESH PLOTTING PROGRAM (SRL11)

a. Data Set 1, Format (3I4), Number of cards =1

Columns Variable/Constant Definition
4 6 Output unit
*
5-8 NPOIN Total number of nodes
*
9-12 NELEM Total number of elements

*
See a. Section III.

* *k
b. Data Set 2 , Form (I14,2F10:5), Number of cards = NCPOIN

Columns Variable Definition
- 1-4 1 Node number of corner point
5-14 X(1) Y-coordinate of I
15-24 Y(I) Y-coordinate of I

*
Use the same data cards as 5. Section II.

x *%
g See a. Section III.

c. Data Set 3, Format (not applicable), Number of cards = 1

o PR - moap

(Blank Data Card)
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*
d. Data Set 4, Format (8I4), Number of cards = NELEM

Columns Variable Definition
1-4 I Element connectivities. Use Data
Set 6 of f., Section III.
5-8 I+1 Element connectivities. Use Data
Set 6 of f., Section III.
9-12 I+ 2 Element connectivities. Use Data
Set 6 of f., Section III.
13-16 I+3 Element connectivities. Use Data
Set 6 of f., Section III.
17-20 I+4 Element connectivities. Use Data
Set 6 of f., Section III.
21-24 I+5 Element connectivities. Use Data
Set 6 of f., Section III,
25-28 I+ 6 Element connectivities. Use Data
Set 6 of f., Section III.
29-32 I+7 Element connectivities. Use Data
Set 6 of f., Section III.

*
See a. Section III.

e. Data Set 5, Format (315,A10), Number of cards = 1

Columns Variable/Constant Definition
5 1
6-10 12
11-15 L Vutput parameter
16-25 LABEL MESH TITLE
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Instructions

L Give 1 if elements and nodes are not to be numbered.
Give 2 if only elements are to be numbered.
Give 3 if nodes and elements are to be numbered.
Give 4 if only nodes are to be numbered.

LABEL Give ten character title (including spaces, such as
RLNG SPMN1).

NOTE: Only the corner nodes of the mesh are numbered by the program.

f. Data Set 6, Format (8F10°5), Number of cards = 1

Columns Variable/Constant Definition

1-10 YMIN Minimum of Y-coordinates of all nodes
11-20 YMAX Maximum of Y-coordinates of all nodes
21-30 XMIN Minimum of X-coordinate of all nodes
31-40 XMAX Maximum of X-coordinates of all nodes
41-50 YSCALE Scale on the Y axis*

51-60 XSCALE Scale on the X axis”

61-70 1-0

71-80 1-0

*lc is recommended to use SCALE = YSCALE = Plot dimension desired divided
by actual mesh dimension. Plot dimension desired is limited by the size
of the paper available at CALCOMP plotter, Usually, Y dimension of the
plot = (YMAX - YMIN) x YSCALE should not exceed 8 inches.

g. Data Set 7, Format (not applicable), Number of cards = 1

(Blank Data Card)
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2. SAMPLE JOB SET-UP FOR THE BEAM PROBLEM OF SECTION II, 5,

AAA,CM150000,T100,10100,STANY. M760328
ATTACH, CCAUX, CCAUX, ID=LIBRARY , SN=ASD
LIBRARY,CCAUX.

ATTACH,LGO, SRL11, ID=M760328.

LGO.

End-of-record card.

18
4.0
4.0
3.5
3.5
1.5
1.5
0.5
0.5

1 8
8 11
16 11 13
12
0.5 1.5 1.0
BLANK CARD

End-of-data card
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1.

2.

3.
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SIDE 1: (I)-(I+1)
SIDE 2: (I+1)-(1+2)
SIDE3: (I+2)-(I+3)
SIDE4: (I1+3)-(1)

Y

3 — w—
4 — J— a—
‘ I1+7

I+1 I+3

I+5
1+2
¥
p. - X
i Figure 1. Eight Noded Quatrilateral Element.
i ,j
4 :
[ f
f 90




I+2

I+
L+2 +5 I+
146
1+3 I+6 ¢ $1+4
I+5
I+7 .
1+3 1+7 I
I I+a I¥! (b)
(a) 1+3
I
I+4 L+7
I+1 |
I+2 b I+7 I+
I+5 &
I+6 I
(c) I+3 148
1 (43,
1+ I+a
I+2 +7
“5’4\% )
+6
tﬂqg
143
{\,/
(e)
Figure 2.

91

Special Forms of General Eight Noded Quadilateral.
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Figure 3. Cantilever Beam.
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Figure 4. Some Possible Discretizations.
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Figure 5. Mesh Plotted by SRL1l. (Beam)
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(a) (b)

Figure 6. (a) Semi-Circular Cracked Ring.
(b) Region Needed for Analysis.




Figure 7.

Mesh for C-Specimen.
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Figure 8. C-Specimen Mesh Details (a) Region Away from Crack Tip.
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Figure 8. C-Specimen Mesh Details (b) Details of Near Crack Tip Region.
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Figure 9. (a) Double Notch Ring in Tension.
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P ) (b) One Quarter of the Ring with Displacement
Boundary Conditions.
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Figure 10. (a) Double Notch Ring in Compression.

(b) One Quarter of the Ring with Crack Line
Pressure and Displacement Boundary
Conditions.
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Figure 11.  Compact Specimen. - (Schematic)




¥
L
ﬁ;,

o e AT

_ Figure 12 (a). Mesh for Compact Specimen.
’ » Upper Half of Specimen.

102




- e e 5
70 72
Lo
g 0
f
94
o
100 @ 96
- 102
o
N
108 1o 12 114
w
~ 3
» 131
29 ® 137 - ‘
- !
) ? 135 f
N
148 150
123' ‘ .
: Figure 12 (b). Mesh for Compact Specimen. K
z Details of Crack-Tip Region. ;
|
!

103




rordie

ib

N

Ny J
VY
V=0

TIP (u=vs=o0)

YOUNGS MODULUS = 107 PSI
POISSON'S RATIO = 0.3
THICKNESS = 1.0 IN.

Figure 13. Upper Half of Compact Specimen. (Schematic)
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Single Notch Ring Specimens.
(a) Tension

(b) Compression
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Yigure 16. Mesh for Single Notch Ring Specimen.
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